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1 Introduction
In RAN#98 [1], the revised WID on NR NTN enhancements was endorsed. The outcome of the RAN-level study phase was a new TR 38.882. RAN1 
RAN#100 Decision: NW-verified UE Location: Milestone at RAN#101 to complete the work (or remove if not completed)
[bookmark: _Hlk142598165][bookmark: _Hlk146727475]RAN1 to focus on Alt1 for the combination of “UE and gNB receive-transmit time difference measurements” i.e.
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
Note 1: The signalling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted

RAN1#101 made the following agreements
RAN#101 endorses that E-CID method could be further analyzed and enhanced in RAN3, if needed for NTN scenarios (NR-NTN and IoT-NTN).
The WID in clause 4.1.3 “Network verified UE location” shall be revised as follow
“Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.
Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: Void The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance”

2 Combination of “UE and gNB receive-transmit time difference measurements
RAN1#114 made further agreement based on Alt 1 
Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported

And endorsed 1 CR to TS 38.214 and one CR to TS 38.215 for new measurement reports accordingly
R1-2308742 Rel-18 CR#0446  TS 38.214 NR_NTN_enh-Core
5.1.46	UE Rx – Tx time difference offset 
The UE may be configured to measure and report, via higher layer parameter [undetermined NTN related parameter] subject to UE capability, UE Rx-Tx time difference measurements on a PRS resource associated with a dl-PRS-ID. The UE shall report the [actual] index difference between the uplink subframe j and closest in time DL subframe i, and the DL timing drift due to Doppler over the radio link associated with the UE RX-TX time difference measurement period as described in [7, TS 38.215].

R1-2308747-Rel-18 CR#0050  TS 38.215 NR_NTN_enh-Core
5.1.46	UE Rx – Tx time difference offset
	Definition
	UE Rx – Tx time difference offset is the actual index difference between subframe #j and subframe #i of the subframes used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].
 
For frequency range 1, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.

	Applicable for
	RRC_CONNECTED



5.1.47	DL timing drift
	Definition
	DL timing drift measurement is defined as the DL timing estimated to be shifted due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period.
For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE.

	Applicable for
	RRC_CONNECTED



Observation 1: No further enhancements needed for Combination of “UE and gNB receive-transmit time difference measurements.

[bookmark: _Hlk131585106]5 Discussion on E-CID
RAN1#112 made the following agreement on the reference point for Mirror positions ambiguity for multi-RTT positioning.Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning
Other solutions are not precluded


RAN1#114 made the following agreement and conclusions:
Agreement
Confirm the working assumption with the additional note below:

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Note: This does not imply that the actual gNB receive-transmit time difference measurement is necessarily made at the uplink time synchronization reference point

Conclusion
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported.

Conclusion
To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:
· by gNB or LMF implementation
· existing ECID method
· UL-AoA

Agreement
Ephemeris information for UE location verification, including accurate satellite position and velocity at the time of measurement, should be available at LMF.

Following RAN1#101 agreement, prioritization to Option 2 Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions), with potential enhancements is prioritised.
[bookmark: _Hlk146784387]Since NR NTN satellite is very likely to be a multiple beam satellite, re-using existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” seem to be the simplest way to resolve the Mirror positions ambiguity for multi-RTT positioning. It should not have any additional impact for connected measurements, since these measurements are anyway needed for mobility. SA2 requested that location verification be capable of being completed within a period of approximately 1 minute maximum and 30 seconds preferably. This is reasonable time for connected measurements and report for E-CID. The network can determine which side of the orbital plane the UE is from the knowledge of the strongest neighbouring beams based on the neighbour RSRP measurement report. 

Observation 2: Existing E-CID method can be used to resolve mirror ambiguity without any additional impact for connected measurements, since these measurements are anyway needed for mobility.
Observation 3: The network can determine which side of the orbital plane the UE is from the knowledge of the strongest neighbouring beams based on the neighbour RSRP measurement report.

8 Conclusion
In this contribution, the following observations and proposals were made as follows:

Observation 1: No further enhancements needed for Combination of “UE and gNB receive-transmit time difference measurements.
Observation 2: Existing E-CID method can be used to resolve mirror ambiguity without any additional impact for connected measurements, since these measurements are anyway needed for mobility.
Observation 3: The network can determine which side of the orbital plane the UE is from the knowledge of the strongest neighbouring beams based on the neighbour RSRP measurement report.

9 Appendix Multi-RTT positioning method for single satellite

Multiple RTT method is illustrated in 2. The RTT between UE and a single satellite to be determined at different times. The RTTs can be determined in two ways: 
· by the gNB and UE based on UL and DL measurements respectively at time t0, t1, t2, t3. 
· by the UE using its location and the satellite ephemeris to calculate and report the UE-specific TA at time t0, t1, t2, t3 as the UE Rx – Tx time difference TUE-RX – TUE-TX. The legacy multi-RTT report mechanisms can be re-used with the UE Rx – Tx time difference set to the Timing Advance as calculated at the UE, instead of using DL PRS measurements.  
The serving gNB measures its gNB Rx-Tx time difference from UE SRS transmission on UL. The UE reports its UE Rx-Tx time difference from DL PRS. Since the SRS needs to be transmitted within the RAN4 timing error requirement of 24.Ts, the UE-specific TA needs to be applied by the UE before transmission of SRS. The measured timing difference at gNB and at UE are used by the core network Location Management Function (LMF) to verify the UE location. 
[image: ]










Figure 2 Multiple RTT positioning with single satellite
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